Background-Low systolic blood pressure (SBP) is a risk factor for adverse outcomes in patients with heart failure (HF).
H igh blood pressure increases the risk of death in the general population, 1, 2 and hypertension is the most important population-attributable risk factor for the development of heart failure (HF). 3, 4 The benefits of treating hypertension on risks of major cardiovascular events are well established in the absence of systolic HF, and effective lowering of blood pressure is associated with an Ϸ50% reduction in the incidence of HF. 5, 6 Once HF develops, however, lower blood pressure becomes a risk factor for increased mortality and morbidity rates both in acute decompensated 7, 8 and chronic HF. 9 -11 The risk associated with elevated blood pressure in patients with systolic dysfunction has not been established. Vasodilators used in the treatment of hypertension, such as angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and a combination of hydralazine and isosorbide, are also effective in reducing mortality and morbidity rates in patients with HF. [12] [13] [14] [15] [16] [17] Whether the beneficial effects of these medications on morbidity and mortality rates in patients with HF are modified by initially low or drops in blood pressure is an important clinical issue. time on the effectiveness of treatment with valsartan on morbidity and mortality in patients with moderate to severe HF. First, we sought to confirm that both lower baseline systolic blood pressure (SBP) and a decrease in SBP over time were independently associated with an increased risk of morbidity and mortality. The interaction between the effects of valsartan and baseline SBP was then examined, controlling for several other known prognostic variables. Finally, to determine whether adjusting for any potentially deleterious drops in SBP during treatment would enhance the apparent beneficial effects of valsartan, we examined how controlling for changes in SBP affected the beneficial effects of valsartan.
Methods

Study Design and Patient Selection
Val-HeFT was a randomized, placebo-controlled, double-blind, multicenter trial in 5010 men and women with symptomatic HF that evaluated the efficacy of the angiotensin receptor blocker valsartan. Details of the study design and protocol have been presented previously. 17 Briefly, patients over 18 years of age who were in stable New York Heart Association class II-IV HF for at least 3 months and who had a left ventricular (LV) ejection fraction Ͻ40% and LV internal dimension in diastole/body surface area Ͼ2.9 cm/m 2 on echocardiography were eligible. All patients had to be receiving stable pharmacological treatment for HF that could include angiotensin-converting enzyme inhibitors, ␤-blockers, digoxin, diuretics, hydralazine, and/or nitrates. Exclusion criteria included a persistent mean standing SBP Ͻ90 mm Hg and serum creatinine Ͼ2.0 mg/dL. Eligible patients were stratified according to baseline ␤-blocker therapy and were randomly allocated to receive either oral valsartan or placebo. Treatment with valsartan was initiated at 40 mg twice daily and the dose was doubled every 2 weeks to reach the target dose of 160 mg twice daily, provided SBP was Ն90 mm Hg, there were no signs or symptoms of hypotension, and increases in serum creatinine levels did not exceed 50% of the baseline value. Blood pressure was measured at each visit with a sphygmomanometer after 5 minutes of rest in the sitting position. The study had 2 primary end points: death and the first morbid event, which was defined as either death, sudden death with resuscitation, hospitalization for HF, or administration of intravenous inotropic or vasodilatory drugs for Ն4 hours without hospitalization. Hospitalization for HF was a secondary end point.
Data Analysis
Baseline variables grouped by quartiles of baseline SBP were compared with ANOVA for continuous variables and 2 tests for categorical variables. Time to events in various groups were described with Kaplan-Meier curves. Cox proportional-hazards regression models were used to assess the association between time to death from any cause and baseline SBP, changes in SBP during the first 4 months of follow-up, and treatment with valsartan. Baseline SBP values were grouped into quartiles to examine whether baseline SBP was linearly related to the mortality and hospitalization hazards and to examine the effects of valsartan on SBP. The quartile analysis suggested that the relationships between baseline SBP and hazards were not linear, as most of the increased risk was seen in the lowest quartile (quartile 1 [Q1]: SBP Յ110 mm Hg). Rather than trying to model a continuous nonlinear relationship, all further analyses were simply carried out comparing Q1 with the other 3 quartiles (Q2, Q3, and Q4) combined. Analyses were repeated using time to first morbid event and first hospitalization for HF as the dependent variable. All of the regression models included baseline age, New York Heart Association class, ischemic etiology, history of hypertension, diabetes, body mass index, pulse, LV ejection fraction, serum sodium, creatinine, uric acid, brain natriuretic peptide, aldosterone, plasma renin activity, hemoglobin, and use of angiotensin-converting enzyme inhibitors, diuretics, digoxin, and ␤-blockers as covariates. When change in blood pressure over the first 4 months was included in the models, all subjects with fatal (nϭ154) or nonfatal events (nϭ332) that occurred during the first 4 months of follow-up were excluded. The changes in SBP from baseline to month 4, month 12, and end of study in the 2 treatment groups were compared at each time point with a 2-sample t test rather than ANOVA to minimize loss of information over time due to deaths and censored follow-up. SPSS statistical software (version 15; SPSS Inc, Chicago, Ill) was used for all analyses. A probability value Ͻ0.05 was considered significant without adjustment for making multiple comparisons.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Patient Characteristics
The baseline blood pressure (meanϮstandard deviation) in the overall population was 124Ϯ18 mm Hg systolic and 76Ϯ11 mm Hg diastolic (nϭ5010). Comparison of SBP quartiles in Table 1 indicates that lower SBP was associated with younger age, lower body mass index, lower LV ejection fraction, greater LV internal dimension in diastole, higher levels of aldosterone and plasma renin activity, and lower hemoglobin levels. Lower SBP was also associated with worse New York Heart Association class and Minnesota Living with Heart Failure Questionnaire (MLHF) scores, along with more prevalent use of diuretics, digoxin, and spironolactone. The mean SBP of 149 mm Hg among the large number of patients in Q4 (SBP Ͼ135 mm Hg) is remarkable for patients with documented systolic dysfunction who were often treated with medications that lower blood pressure.
Baseline Systolic Blood Pressure Related to Morbidity and Mortality
Unadjusted time to death, first morbid event, and hospitalization for HF within quartiles of baseline SBP are shown in Figure 1 . The risks of all events were similar in the upper 3 quartiles of SBP and increased only in the Q1, suggesting that baseline SBP was not linearly related to the risk (hazard) of death or hospitalization for HF. We did not fit nonlinear models to this relationship. The Cox multivariable model for baseline SBP quartiles is shown in Table 2 . With Q3 (patients with normal SBP) as the reference group, only patients in the Q1 were found to have an increased risk of first morbid event and hospitalization for HF, with a trend for an increase risk for death. The upper quartile that contained many patients with elevated SBP was not associated with increased risk. Given these findings, the upper 3 quartiles were collapsed into 1 group for further analyses comparing Q1 with Q2, Q3, and Q4 combined. Patients with baseline SBP in the lowest quartile (Q1: Յ110 mm Hg) had a significantly increased adjusted risk of death (hazard ratio [HR], 1.21; 95% confidence interval [CI], 1.03 to 1.43; Pϭ0.02), first morbid event (HR, 1.25; 95% CI, 1.10 to 1.40; Pϭ0.001), and hospitalization for HF (HR, 1.45; 95% CI, 1.22 to 1.73; PϽ0.001) compared with patients in the upper 3 quartiles (Table 2) . Thus, a low baseline SBP was an independent risk factor for morbidity and mortality in this patient population.
Effect of Baseline Systolic Blood Pressure on Effectiveness of Valsartan
In the overall population, valsartan use was not associated with a reduction in the risk of death but it did cause a 13.3% reduction in risk of first morbid event (HR, 0.87; 95% CI, 0.77 to 0.97) and a 27.5% reduction in risk for first hospitalization for worsening HF (HR, 0.73; 95% CI, 0.64 to 0.84). 17 When the effects of valsartan were estimated separately in patients with baseline SBP in Q1 and in those with baseline SBP the upper 3 SBP quartiles combined, use of valsartan was associated with a 26% decrease in risk of first morbid event in the Q1 patients (HR, 0.74; 95% CI, 0.60 to 0.91; Pϭ0.005), compared with a 10% decrease in the combined Q2, Q3, and Q4 group (HR, 0.90; 95% CI, 0.79 to 1.02; Table 4 . Treatment with valsartan did not lower SBP in Q1 (Յ110 mm Hg). In fact, the mean SBP increased in both the placebo and valsartan groups as one might expect with regression to the mean. However, the increase in SBP in Q1 was significantly greater in the placebo group (PϽ0.001).
In contrast to the lowest baseline SBP quartile, SBP fell in the other 3 combined quartiles in both treatment groups at 4 months, with a significantly greater decrease in the valsartan group. Because the use of valsartan in patients with extremely low SBP may be a concern to the clinicians, we also compared the response to valsartan with the response to placebo in 317 patients whose baseline SBP was Յ100 mm Hg (valsartan group mean SBP 95Ϯ3 mm Hg, nϭ170; placebo group mean SBP 95Ϯ3 mm Hg, nϭ147). In this group as well, SBP increased in both the valsartan (5Ϯ13 mm Hg) and placebo (8Ϯ12 mm Hg) groups, and the increase was significantly greater in the placebo group (Table 4 ).
Safety Profile of Valsartan in Patients With Low Versus High Baseline SBP
Overall, the mean change from baseline to 4 months was greater in the valsartan group than in the placebo group for blood urea nitrogen (1.4Ϯ3.6 versus 0.7Ϯ2.2 mmol/dL PϽ0.001), serum creatinine (0.9Ϯ2.2 versus 0.2Ϯ1.3 mmol/ dL, PϽ0.001), and serum potassium (0.13Ϯ0.65 versus decrease of 0.06Ϯ0.6 mmol/dL, PϽ0.001). However, the effect of valsartan on these parameters was similar in low (Q1) and high (Q2, Q3, and Q4) SBP groups (blood urea nitrogen 1.6Ϯ4.4 versus 1.4Ϯ3.3 mmol/L; creatinine 0.12Ϯ0.28 versus 0.10Ϯ0.24 mmol/dL; and potassium 0.7Ϯ0.6 versus 0.12Ϯ0.7 mmol/L; all Pϭnot significant). More patients discontinued the randomized treatment because of hypotension in Q1 (2.9% in valsartan group versus 1.4% in placebo group; PϽ0.001) than in the other quartiles combined (0.7% in valsartan group versus 0.2% in placebo group; PϽ0.001).
Changes in Systolic Blood Pressure Related to Morbidity and Mortality
When the change in SBP over the first 4 months was analyzed as a continuous variable in a multivariable Cox regression model ignoring treatment, a 1-mm Hg increase in SBP was associated with a significant decrease in the risk of death, first morbid event, and hospitalizations for HF in the entire population ( Table 5 ). The interaction between the baseline SBP quartile groups and the change in SBP was not significant for any end point, suggesting that the beneficial effect associated with an increase in SBP over time was not different in the 2 groups defined by baseline SBP (Table 5 ). Thus, both low baseline SBP and a decrease in SBP over time were associated with an increase in subsequent HF morbidity. 
Effects of Valsartan Treatment Adjusted for Change in Systolic Blood Pressure
Because valsartan caused a significant decrease in SBP in baseline Q2, Q3, and Q4 and a smaller increase in SBP in Q1 compared with placebo throughout the study, and because a decrease in SBP was associated with worse outcomes regardless of baseline SBP, we examined whether controlling for the change in SBP after 4 months would alter the apparent effectiveness of valsartan from 4 months to the end of follow-up. When the change in SBP was added to the regression model, the beneficial effects of valsartan on first morbid event and hospitalizations for HF tended to increase in Q1, and to a lesser extent in Q2, Q3, and Q4 (Table 6) ; however, the blood pressure-lowering effect of valsartan did not deeply undermine its beneficial effects. Furthermore, there was no significant interaction between treatment and change in blood pressure on any of the outcomes, suggesting that the effect of valsartan was not greatly modified by changes in SBP.
Discussion
The present analysis of Val-HeFT data confirms that low SBP is independently associated with an increase in the risk of mortality and morbidity in patients with moderate to severe chronic HF. 7,9 -11 The increased risk did not appear to be linear across all levels of baseline SBP and was observed mainly in patients with a SBP in the lowest quartile (Ͻ110 mm Hg). A decrease in SBP over time was also found to increase the subsequent risk of adverse outcomes. It is noteworthy that approximately 25% of patients in the present study, all of whom had documented LV systolic dysfunction and were being treated with a diuretic (84%), an angiotensin-converting enzyme inhibitor (92%), and sometimes a ␤-blocker (35%), still had SBP Ͼ135 mm Hg (mean 149 mm Hg). The reason for the high SBP is not obvious. These patients tended to be older, to have better LV function, and to have slightly less medication use than others in the study. Interestingly, these patients did not have a significantly increased risk of adverse events. In the African American Heart Failure Trial (A-HeFT), approximately 25% patients with systolic dysfunction had similarly elevated blood pressure at baseline. 12 Similar findings of elevated SBP have also been reported recently in patients admitted with acute HF from the Organized Program To Initiate life-saving treatment in hospitalized patients with Heart Failure (OPTIMIZE-HF) registry. In this registry, the majority of patients with elevated SBP had preserved LV function. Although the pathophysiology of systolic hypertension might be different in patients with preserved LV systolic function, if elevated SBP is common among patients with chronic HF and LV systolic dysfunction and the elevated SBP is not associated with increased risk of adverse events (although the risk of stroke Covariates used in the Cox regression model: baseline SBP, age, New York Heart Association class, origin, history of hypertension, diabetes, body mass index, pulse, LV ejection fraction, serum sodium, creatinine, uric acid, brain natriuretic peptide, aldosterone, plasma renin activity, hemoglobin, and use of an angiotensin-converting enzyme inhibitor, diuretics, digoxin, or ␤-blockers. No. in each groups is for those with all covariates. HR indicates hazard ratio.
could not be assessed), one wonders whether the high SBP should or could be decreased. This important question needs to be addressed by further research.
Although the beneficial effects of valsartan in reducing the number of morbid events over time and of hospitalizations for HF tended to be relatively higher in the patients with the baseline SBP Ͻ110 mm Hg (Q1) as compared with those with SBP above 110 mm Hg, statistical test for interaction between treatment and baseline SBP did not detect a significant difference in effect in the 2 subgroups. Interestingly, valsartan did not actually decrease SBP in patients with the lowest pretreatment values, including those in Q1 with a SBP Ͻ110 mm Hg or even the subgroup with a SBP Յ100 mm Hg, even though valsartan was associated with a smaller increase in SBP as compared with placebo. In contrast, valsartan did cause a significant decrease in SBP in patients with higher baseline SBP that could have potentially counteracted its beneficial effects on morbidity rates. However, the present analysis did not indicate that the benefits of valsartan depended on baseline SBP or changes in SBP during the first 4 months of treatment, suggesting dissociation between the effects of valsartan on SBP and clinical outcomes. It should be emphasized, however, that these conclusions are based on the lack of significance for interaction. Although interaction tests can be useful exploratory tools, the lack of statistical significance for interaction tests may be partially due to their relatively low power. Thus, any inference based on interaction test results should be made with caution.
The observation that blood pressure did not actually decrease in the group with low initial SBP suggests that the addition of valsartan was usually well tolerated by patients with moderate to severe chronic HF. Low SBP blood pressure should not preclude a trial of these agents that appear to benefit all patients. Is there a threshold SBP below which the use of an angiotensin receptor blocker is associated with deleterious outcomes? Although the present study was not designed to address this question, we did find that even in the small subgroup of 317 patients with a SBP between 90 and 100 mm Hg, valsartan appeared to have been well tolerated, on average, without frequent deleterious drops in blood pressure. Because patients with low initial SBP are at a greater risk of HF morbidity and mortality, and because a trend for greater risk reduction in morbidity was seen with valsartan for the low SBP patients (even though the risk reduction for HF hospitalization was significant for both low and high SBP patients), patients with low SBP could be expected to be more likely to benefit from this treatment. Moreover, the increases in serum creatinine, blood urea nitrogen, and potassium were no different in patients in baseline SBP Q1 or than those in Q2, Q3, and Q4, suggesting that introduction of valsartan even in patients with low SBP may not precipitate major adverse effects. However, a patient's baseline SBP had to be Ͼ90 mm Hg to be eligible for this clinical trial or for an increase in the dose of the study medication. Thus, these data cannot address the use or benefits of valsartan in patients with HF and a SBP less than this level.
If low baseline SBP and a decrease in SBP over time are associated with worse outcomes, how can we explain the apparent dissociation between the blood pressure-lowering effects of valsartan and clinical outcomes? The fact that valsartan did not lower blood pressure in patients with a low baseline SBP could be explained by an improvement in the hemodynamics, although these were not measured in the present study. In patients with chronic HF, a low stroke volume threatens the arterial blood pressure and leads to a baroreceptor-mediated activation of several vasoconstrictive neurohormones that help to preserve blood pressure by increasing arterial impedance. 19 The increase in impedance is, however, deleterious to the failing heart and further reduces the stroke volume, worsening hypotension. Vasodilators such as sodium nitroprusside reverse the functional abnormalities acutely by improving stroke volume and may increase blood pressure. 10, 20, 21 Thus, the vasodilatory effects of valsartan might have lowered arterial impedance in patients with the lowest SBP who would be expected to have the highest impedance, thereby increasing the cardiac output and maintaining blood pressure. Over the long term, valsartan use was associated with an improvement in LV ejection fraction 22 and a decrease in the levels of several neurohormones, including brain natriuretic peptide, norepinephrine, and aldosterone. 23, 24 Thus, the dual effects of lowering impedance (BP-lowering effect) and improving LV structural remodeling might have contributed to the beneficial effects of valsartan on hemodynamics and subsequently to reduced morbidity and mortality.
In conclusion, the present secondary analysis of data from a randomized controlled clinical trial suggests that patients with low systolic blood pressure can benefit from valsartan therapy without an inordinate risk of deleterious hypotension. Patients with low SBP are at least as likely as and perhaps more likely to benefit from valsartan therapy as those with normal or high pretreatment blood pressures. Patients with low blood pressure are at the highest risk and, therefore, have the greatest need for aggressive therapy. Judicious use of valsartan in such patients is more likely to produce benefit than use in those with higher blood pressures, although patients with low or high SBP appear to benefit. However, the data were not sufficient to determine whether these findings are generalizable to patients with SBP well below 100 mm Hg. Regardless, blood pressure reduction does not seem to greatly counteract the favorable effects of valsartan on hospitalization for HF and morbidity and cannot be used as a surrogate for efficacy. Many patients in the present analysis had HF, systolic dysfunction, and prescriptions for antihypertensive medications but still had elevated SBP; however, they were not at increased risk of adverse events. Because reductions in SBP tended to be associated with increased risk, further research is needed to determine whether the SBP should be reduced in patients with these characteristics and how this might be achieved, if desirable. Finally, it is important to emphasize that findings of the present study do not apply to patients with acute decompensated HF. 
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